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(57) ABSTRACT

Disclosed are injection-moldable fluororesin compositions of
melt flowable fluororesin and mesoporous silica. The fluo-
roresin compositions are melt flowable and have a melt flow
rate of from 2 to 60 g/10 min. The mesoporous silica has an
average pore diameter of from 2 to 50 nm, and the pores ofthe
mesoporous silica are filled with the melt flowable fluo-
roresin. The fluororesin compositions have excellent melt
moldability for manufacturing molded products from the
fluororesin composition that demonstrate high hardness.
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1
FLUORORESIN COMPOSITION AND ITS
MOLDED PRODUCT

FIELD OF THE INVENTION

This invention relates to an injection-moldable fluororesin
and mesoporous silica composition capable of providing a
molded product having excellent melt moldability and high
hardness.

BACKGROUND OF THE INVENTION

Fluororesins have excellent chemical resistance, non-
tackiness, heat resistance, low frictional coefficient, and elec-
trical insulating properties. However, flexible engineering
plastics such as PEEK and PPS, which are hard and can be
molded into complex shapes by injection molding, instead
find frequent commercial use in articles having a complex
shape and requiring hardness.

A technique for improving the hardness of a fluororesin
involves filling the fluororesin with a large amount of solid
filler. Such filled fluororesin can have enhanced hardness,
abrasion resistance, low frictional coefficient, and creep resis-
tance due to the filler, in addition to the original chemical
resistance, non-tackiness, heat resistance, low frictional coef-
ficient, and electrical insulating properties of the fluororesin.
They are therefore used as various members or seal/gasket
materials. However, in recent years, there has been a demand
for higher hardness, abrasion resistance, low thermal expand-
ability, and creep resistance in sliding members such as piston
rings or seal materials for AT/CVT in the automotive field and
in gasket materials in the field of chemical plant equipment.
However, current commercial embodiments of filled fluo-
roresin compositions are not satisfactory.

Although melt flowable fluororesins have melt-moldabil-
ity and excellent processability, in addition to excellent
chemical resistance, non-tackiness, heat resistance, low fric-
tional coefficient, and electrical insulating properties, the res-
ins themselves are flexible and are therefore unsuitable for the
applications described above. A material can be made hard by
blending a solid filler into a melt flowable fluororesin to a high
filling ratio, but the melt flow characteristics (e.g., melt flow
rate (MFR)) of the fluororesin composition at the time of
molding are diminished. Therefore, the melt-moldability,
which is a feature of thermally meltable melt flowable fluo-
roresins, is sacrificed, and it becomes difficult to develop the
substance into an article with a complex shape. On the other
hand, by more finely dispersing fillers into the resin, the
interactions between the fillers are enhanced, which improves
the hardness or creep resistance of the resin composition. It is
already known that a fluororesin composition in which inor-
ganic fine particles are dispersed to a high degree may be
obtained by means of co-coagulation of a dispersion of ther-
mally meltable fluororesin and a colloidal solution of inor-
ganic fine particles (see, for example, Japanese Unexamined
Patent Application Publication No. 2007-119769A). How-
ever, the hardness of a fluororesin composition, in which such
inorganic fine particles (i.e., the nano-sized silica particles of
JP2007-119769A) are dispersed to a high degree at a primary
particle level, is insufficient. In addition, a hard resin can be
prepared by filling a thermosetting polyimide (PI) resin with
a filler. However, a PI molded by means of compression
molding alone requires the machining of the compression-
molded product, and the handling greatly differs from that of
thermoplastic resins, which can be shaped easily. Moreover,
PI is inadequate in that the non-tackiness and low frictional
coefficient are inferior to those of fluororesin.
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A silica porous medium having mesopores with a uniform
honeycomb shape synthesized using the micellar structure of
a surfactant as a mold is known as mesoporous silica (MPS).
Production of such is described, for example, in Japanese
Unexamined Patent Application Publication No. 2002-
053773A, or by Inagaki, S.; Fukushima, Y.; Kuroda, K. in J.
Chem. Soc., Chem. Commun. 1993, 8, 680. MPS is widely
used for absorbents, a carrier for catalysts, drugs, or the like
due to the properties of the porous medium. Specific
examples are given in Japanese Unexamined Patent Applica-
tion Publication No. 2011-046888 A, in which MPS is used as
afiller for a resin composition, include as an organic resin that
becomes a matrix, epoxy resins, phenol resins, polyure-
thanes, polyimides, unsaturated polyesters, vinyl triazine,
crosslinked polyphenylene oxide, and curable polyphenylene
ethers. In an embodiment serving as a mode for carrying out
the invention, only epoxy resins are described, and there is no
mention of fluororesins.

Fluororesins, in particular perfluororesins such as tet-
rafluoroethylene-perfluoro(alkylvinylether) copolymers
(herein also referred to as PFA) and tetrafluoroethylene-
hexafluoropropylene copolymers (herein also referred to as
FEP), have very low surface energy. Therefore, their affinity
to silica is los, as silica has high surface energy. In Japanese
Unexamined Patent Application Publication No. 2011-
046888A, MPS is subjected to surface hydrophobizing treat-
ment, but the affinity with fluororesins remains low, and the
filling of fluororesin into the MPS pores does not occur. In
addition, in Japanese Unexamined Patent Application Publi-
cation No. 2005-163006 A, and Japanese Unexamined Patent
Application Publication No. 2004-311326A, composite
materials consisting of silica and fluororesins are disclosed,
and it is described that these materials can be used as circuit
board materials for high-frequency signals. However, these
fluororesin compositions are intended to be used as circuit
board materials, and the silica pores are not filled with fluo-
roresins since they reduce the dielectric constant. Therefore,
these fluororesin compositions do not have the high hardness
required for sliding materials, heat-resistant seals, or gasket
materials.

SUMMARY OF THE INVENTION

An object of the present invention is to provide an injec-
tion-moldable fluororesin composition capable of providing a
molded product having excellent moldability and high hard-
ness. As a result of conducting dedicated research in order to
solve this problem, the present inventors discovered that the
excellent characteristics of a fluororesin, and melt fluidity
sufficient for performing melt molding, can be maintained by
filling the pores of mesoporous silica with melt flowable
fluororesin, and that resulting molded products can provide a
material having very high hardness.

The present invention comprises a fluororesin composition
containing a melt flowable fluororesin and mesoporous silica,
the composition having a melt flow rate of from 2 to 60 g/10
min, the mesoporous silica having an average pore diameter
of from 2 to 50 nm, and wherein the pores of the mesoporous
silica are filled with the melt flowable fluororesin.

In one embodiment, the fluororesin composition contains
the melt flowable fluororesin in an amount of 80 to 95 wt. %
and the mesoporous silica in an amount of from 5 to 20 wt. %.
In one embodiment, the melt flowable fluororesin has a melt
flow rate of at least 30 g/10 min.

The present invention further comprises a fluororesin com-
position containing a melt flowable fluororesin, mesoporous
silica, and a filler different from mesoporous silica, the com-
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position having a melt flow rate of from 2 to 60 g/10 min, the
mesoporous silica having an average pore diameter of from 2
to 50 nm, and wherein the mesoporous silica content is from
5 1o 20 wt. % of the fluororesin composition, and the filler
content is from 1 to 20 wt. % of the fluororesin composition,
and wherein the pores of the mesoporous silica are filled with
the melt flowable fluororesin.

A molded product molded from the fluororesin composi-
tion of the present invention has high Shore hardness (Hs) of
at least 75. Accordingly, the molded product of the present
invention is effective when used as a sliding member requir-
ing high hardness or a heat-resistant gasket material requiring
low thermal expandability at high temperatures.

The present invention can provide an injection-moldable
fluororesin composition having excellent moldability. The
fluororesin composition of the present invention has very
high fluidity due to a high MFR of 2 to 60 g/10 min, which
enables the molding of complex parts by injection molding.
In addition, the molded product of the present invention
exhibits very high hardness with a Shore hardness of at least
75, and the movement of the structure is regulated by MPS, so
expansion caused by heat is suppressed, resulting in a low
coefficient of thermal expansion. In this way, the molded
product of the present invention has high hardness and sup-
pressed thermal expansion even at high temperatures so the
molded product can be used as a heat-resistant gasket material
or a sliding material.

DETAILED DESCRIPTION OF THE INVENTION

Fluororesin Composition

In one embodiment the present invention is a fluororesin
composition containing a melt flowable fluororesin and
mesoporous silica.

(A) Melt Flowable Fluororesin

The melt flowable fluororesin used in the present invention
can be appropriately selected from resins known as thermally
meltable melt flowable fluororesins, examples of which
include polymers or copolymers of monomers selected from
tetrafluoroethylene, chlorotrifluoroethylene, hexatluoropro-
pylene, perfluoro(alkylvinylether), vinylidene fluoride, and
vinyl fluoride or copolymers of these monomers and mono-
mers having double bonds such as ethylene, propylene, buty-
lene, pentene, and hexene or monomers having triple bonds
such as acetylene and propyne. Specific examples of melt
flowable fluororesins include but are not limited to tetrafluo-
roethylene-perfluoro(alkylvinylether) copolymers (PFA),
tetrafluoroethylene-hexafluoropropylene copolymers (FEP),
tetrafluoroethylene-hexafluoropropylene-perfluoro(alkylvi-
nylether) copolymers, tetrafluoroethylene-ethylene copoly-
mers, polyvinylidene fluoride, polychlorotrifluoroethylene,
and chlorotrifluoroethylene-ethylene copolymers. PFA is
preferred of these melt flowable fluororesins. When PFA is
used, the alkyl group of the perfluoro(alkylvinylether) has
from 1 to 5 carbons, and more preferably has from 1 to 3
carbons.

In one embodiment the melt flowable fluororesin used in
the present invention preferably has a melt flow rate (MFR) of
at least 30 g/10 min. In another embodiment the MFR of the
melt flowable fluororesin is at least 50 g/10 min. In another
embodiment the MFR of the melt flowable fluororesin is at
least 80 g/10 min. By selecting a melt flowable fluororesin
with a high MFR as a raw material, the pores of the MPS are
easily filled by the fluororesin, and the hardness and coeffi-
cient of thermal expansion of the resulting resin composition
are thereby improved. Typically commercially available res-
ins are fluororesins with an MFR of far less than 30 g/10 min,
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so their fluidity is low, and the pores of the mesoporous silica
(MPS) are not filled by the fluororesin even when used after
being melted and kneaded with the mesoporous silica. As a
result, such obtained fluororesin compositions using fluo-
roresins having MFRs of less than 30 g/10 min and molded
products thereof do not demonstrate sufficient hardness.

The melt flowable fluororesins of the present invention can
be produced by a conventionally known methods such as
solution polymerization, emulsion polymerization, or sus-
pension polymerization.

(B) Mesoporous Silica (MPS)

Mesoporous silica (MPS) refers herein to porous silica
having a porous structure and having an average pore diam-
eter of from 2 to 50 nm (mesopore size). MPS is a silica
porous medium having uniform honeycomb-shaped mesopo-
res synthesized using the micellar structure of a surfactant as
a mold. MPS has a large specific surface area and pore vol-
ume, and the average pore diameter can be variously con-
trolled by the surfactant preparation conditions. MPS is
widely used in carriers for absorbents, catalysts, and the like
while taking advantage of the properties of the porous
medium.

In one embodiment, the average pore diameter of the MPS
used in the present invention is at least 2 nm and at most 50
nm, in another embodiment at least 3 nm and at most 30 nm,
and in another preferred embodiment at least 4 nm and at most
15 nm. When the pore diameter is at most 2 nm, it becomes
difficult for the pores to be filled with the fluororesin, so the
insides of the pores are not filled with the fluororesin, and the
effects of reinforcing the structure or improving the hardness
cannot be achieved. In addition, when the pore diameter is
greater than 50 nm, the pores of the MPS are easily filled with
the fluororesin, but the contact area between the silica skel-
eton structure and the fluororesin is insufficient, and the
effects of the hardness of the silica skeleton on the hardness or
the coefficient of thermal expansion of the fluororesin com-
position become weak. The surface of the MPS used in the
present invention may or not be hydrophobized. When an
MPS that is not surface-treated is used, the generation of
defects due to foaming is suppressed at the time of melting
and kneading at a high temperature of at least 300° C., which
is the melting temperature of the fluororesin, thus the surface
of the mesoporous silica is preferably not hydrophobized.
Ordinarily, silica that is not surface-hydrophobized has
reduced dispersibility in the matrix resin, which makes it
difficult for the pores of the MPS to be filled with the resin.
However, with the present invention, MPS particles that are
not surface treated can be uniformly dispersed, and the pores
can be filled with the fluororesin.

(C) Composition Ratio of the Resin Composition

As described above, the resin composition of the present
invention contains a melt flowable fluororesin and mesopo-
rous silica, and the pores of the mesoporous silica are filled by
the melt flowable fluororesin. When the ratio of the mesopo-
rous silica is increased in the total amount of the resin com-
position, the hardness of a molded product produced from the
resin composition can be increased, but the melting fluidity
typically decreases when the filler compounding ratio in the
resin composition is increased. Therefore, the resin compo-
sition of the present invention in one embodiment contains
from 80 to 95 wt. % melt flowable fluororesin and from 5 to 20
wt. % mesoporous silica, in another embodiment from 85 to
95 wt. % melt flowable fluororesin and from 5 to 15 wt. %
mesoporous silica, and in a preferred embodiment from 85 to
93 wt. % melt flowable fluororesin and from 7 to 15 wt. %
mesoporous silica.
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(D) MFR of the Resin Composition

In one embodiment the melt flow rate (MFR) of the fluo-
roresin composition of the present invention is from 2 to 60
g/10 min, in another embodiment from 5 to 45 g/10 min, and
in a preferred embodiment from 10 to 30 g/10 min. Since the
MER of the resin composition is high, the resin can be used
and easily molded into a wide variety of shapes. In addition,
a molded product produced from the resin composition of the
present invention has high hardness and a low coefficient of
thermal expansion since the pores of the mesoporous silica
are filled with the melt flowable fluororesin. That is, when the
appearance of the resulting composition visually gives off a
brown color, it can be evaluated that the pores of the meso-
porous silica have been filled by the melt flowable fluororesin.
In addition, when the pores of the mesoporous silica are filled
with the melt flowable fluororesin, the hardness of the result-
ing fluororesin composition and a molded product thereof
improves. Therefore, it can also be confirmed whether the
pores of the mesoporous silica have been filled by the melt
flowable fluororesin based on the improvement in hardness.
Furthermore, when the pores of the mesoporous silica are
filled by the fluororesin, the specific gravity of the resulting
fluororesin composition and a molded product thereof tends
to increase. Therefore, it can also be confirmed whether the
pores of the mesoporous silica have been filled by the fluo-
roresin based on the increase in specific gravity.

(E) Other Additives

A wide range of various additives may also be present in
the resin composition of the present invention as necessary.
Examples of such additives include polymer processing aids
such as catalysts, initiators, antioxidants, thermal stabilizers,
foaming agents, ultraviolet stabilizers, organic pigments such
as coloring pigments, plasticizers, blocking inhibitors, level-
ing agents, flame retardants, anti-cratering agents, anti-static
agents, and slipping agents. The contents of these additives
are not particularly limited, but such optional ingredients may
ordinarily be added in an amount of approximately 0.1% to
10% of the resin composition of the present invention.

Fluororesin Composition Containing an Additional Filler

Another embodiment of the present invention is the fluo-
roresin composition described above, further containing an
additional filler different from mesoporous silica. The melt-
ing fluidity ordinarily decreases when the filler compounding
ratio in the resin composition is increased. However, the
present inventors discovered that the fluidity—that is, the
MFR—of the fluororesin composition can be increased by
further adding an additional filler. As a result, it became
possible to increase the total content of the mesoporous silica
and the additional filler in the fluororesin composition while
favorably maintaining the fluidity of the fluororesin compo-
sition. The fluidity and hardness of the fluororesin composi-
tion of the present invention are dependent on the respective
types and compounding ratios of the mesoporous silica and
the additional filler. From the perspective of maintaining the
hardness of the molded product, the fluororesin composition
of the present invention preferably contains from 5 to 20 wt.
% of mesoporous silica in the resin composition, as described
above. The additional filler is preferably contained at 1 to 20
wt. %, more preferably at 3 to 18 wt. %, and particularly
preferably at 5 to 15 wt. % in the resin composition.

An organic filler or inorganic filler may be used as the
additional filler to be added in the present invention.
Examples of organic fillers include aramid fibers or the like.
Examples of inorganic fillers include glass fibers, glass flakes,
carbon fibers, graphite, carbon black, alumina fibers, alumina
powders, calcium sulfate, calcium carbonate, talc, zinc oxide,
titanium oxide, and molybdenum disulfide. Of these, inor-
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ganic fillers are preferable, and glass fibers, glass flakes, and
carbon fibers are particularly preferable. The pore diameter or
fiber length of the filler used in the present invention is pref-
erably approximately from 5 to 150 um on average.

Production Method of the Fluororesin Composition of the
Present Invention

The fluororesin composition of the present invention can
be produced by mixing the thermally meltable melt flowable
fluororesin and MPS described above, adding optional addi-
tional filler, melting the solution at a high temperature, and
then melting and kneading the mixture with a melting/knead-
ing device. Fluororesin compositions of silica/fluorine resins
produced by co-coagulation are conventionally known, but
the fluororesin composition of the present invention can be
prepared with a simpler method than co-coagulation, wherein
the mixture is melted and kneaded after mixing using a dry
blend. By performing melting and kneading with a high
shearing force, it is possible to obtain a fluororesin composi-
tion in which the pores of the MPS are filled by the fluo-
roresin. More specifically, the fluororesin composition can be
produced by melting and kneading a melt flowable fluo-
roresin and mesoporous silica under melting and kneading
conditions at a temperature from 250 to 450° C. using various
melting and kneading devices such as a twin-screw extruder
or a kneading machine.

Molded Product Produced from the Fluororesin Composi-
tion of the Present Invention

The molded product of the present invention can be pro-
duced by molding the fluororesin composition described
above. The molded product ofthe present invention has a high
Shore hardness (Hs) of at least 75 and low thermal expand-
ability, so the product is excellent when used as a sliding
material or a heat-resistant gasket material.

Test Methods

MFR (Melt Flow Rate)

Using a melt indexer which is ASTM D 1238-95 compli-
ant, after a 5 g sample was loaded into a cylinder maintained
at 372+1° C. and held for 5 minutes in the melt indexer
(manufactured by Toyo Seiki Seisaku-sho, [.td.) equipped
with a corrosion-resistant cylinder, a die, and a piston com-
pliant with ASTMD1238-95, the sample was extruded
through a die orifice under a load of 5 kg (piston and weight),
and the extrusion rate of the molten material at this time (g/10
min) was determined as the MFR.

Shore Hardness

The Shore hardness (Hs) of the molded product of the resin
composition was measured by pressing the product with a
force of at least 5 kg using a durometer manufactured by
Kobunshi Keiki Co., Ltd. in accordance with JISK7215,
ASTMD2240-68 (Type D).

CTE (Coefficient of Thermal Expansion)

A billet was obtained by means of molten compression
molding (1 MPa) at a molding temperature of 350° C. using a
compression molding device (Hot press WFA-37, manufac-
tured by Shinto Metal Industries Corporation). A measure-
ment sample with a diameter of 4 mm and a length of 20 mm
was cut out from the resulting billet using a lathe. The sample
was heated from -10° C. to 270° C. at 5° C./min using a
thermomechanical tester (TM-7000, manufactured by
Shinku Riko K. K.), and the coefficient of thermal expansion
(107%/° C.) was found in accordance with ASTM D696 by
measuring the dimensional changes between 100° C. and
150° C.
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EXAMPLES

The raw materials used in the working examples of the
present invention and the comparative examples are as
described below.

PFA1: MFR: 96 g/10 min. Tetrafluoroethylene/perfluoro-
(propylvinylether) copolymer powder obtained by emulsion
polymerization.

PFA2: MFR: 36 g/10 min. Tetrafluoroethylene/perfluoro-
(propylvinylether) copolymer powder obtained by emulsion
polymerization.

PFA3: MFR: 17 g/10 min. (Teflon (registered trademark)
PFA 340-J, manufactured by Du Pont-Mitsui Fluorochemi-
cals Co., L.td.)

MPS1: Mesoporous silica. Admaporous (registered trade-
mark) PC700G (average pore diameter: 4 nm), manufactured
by Admatechs Company Limited, surface-untreated grade.

MPS2: Mesoporous silica. Admaporous (registered trade-
mark) PC700G (average pore diameter: 7 nm), manufactured
by Admatechs Company Limited, surface-untreated grade.

MPS3: Mesoporous silica. Admaporous (registered trade-
mark) PC700G (average pore diameter: 12 nm), manufac-
tured by Admatechs Company Limited, surface-untreated
grade.

Non-porous silica: Colloidal silica PL-7, manufactured by
Fuso Chemical Co., Ltd.

Glass fibers 1: PF 20E-001 (fiber length: 20 um), manufac-
tured by Nitto Boseki Co., Ltd.

Glass fibers 2: PF 8OE (fiber length: 80 um), manufactured
by Nitto Boseki Co., Ltd.

Glass flakes: RCF-015, manufactured by Nippon Sheet
Glass Co. Ltd.

Carbon fibers: Torayca MLD-30 (fiber length: 30 um),
manufactured by Toray Industries Inc.

Aromatic polyamide (aramid) fibers: Kevlar (fiber length:
100 um), manufactured by Du Pont-Toray Co., Ltd.

Working Example 1

(1) Preparation of a Powder Mixture (Dry Blend)

A total 0of 200 g prepared by blending MPS1 (average pore
diameter: 4 nm) at a ratio of 20 g per 180 g of a PFA1 powder
was loaded into a Wonder Crush Mill (D3V-10, imported
from Osaka Chemical Co., Ltd.) and mixed for 1 minute at a
revolution speed of 25,000 rpm to obtain a mixed powder.

(2) Preparation of a Fluororesin Composition

80 g of the 200 g of the obtained mixed powder was
collected and melted and kneaded for 3 minutes at 380° C.
and 60 rpm using a melting/kneading device (manufactured
by Toyo Seiki Seisaku-sho, [.td., KF-70V miniature segment
mixer) having five kneading discs to obtain a fluororesin
composition. The MFR of'the resulting fluororesin composi-
tion was measured.

(3) Creation of a Molded Product

A composition produced by melting and kneading was
placed in a prescribed mold (dimensions: 55 mm in diameter,
30 mm tall) using a compression molding device (Hot press
WFA-37, manufactured by Shinto Metal Industries Corpora-
tion), and after the composition was kept at 350° C. for 10 min
to melt the resin, the composition was compressed with a
pressure of 3.5 MPa until the resin protruded. This was cooled
for 15 minutes at room temperature and molded into a disc
shape with a diameter of 55 mm and a height of 2 mm. The
Shore hardness of the resulting disc-shaped molded product
was measured. The composition and mixing conditions of the
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fluororesin composition are shown in Table 1, and the results
of physical property measurements are shown in Table 5.

Working Examples 2 to 4

Fluororesin compositions were obtained under the same
conditions as in Working Example 1 with the exception of
changing the composition ratios of the thermally meltable
fluororesin (PFA1) and MPS1. That is, in Working Examples
2 to 4, the ratios of MPS1 were respectively setto 10 g,30 g,
and 40 g, and the total amount was set to 200 g (the PFA1
ratios were 190 g, 170 g, and 160 g, respectively). In addition,
molded products were created from the fluororesin composi-
tions using the same method, and the physical properties
thereof were measured. The compositions and mixing condi-
tions of the fluororesin compositions are shown in Table 1,
and the results of physical property measurements are shown
in Table 5.

Working Example 5

A fluororesin composition was obtained under the same
conditions as in Working Example 1 with the exception of
using PFA2 as a thermally meltable fluororesin. In addition, a
molded product was created from the fluororesin composition
using the same method, and the physical properties thereof
were measured. The composition and mixing conditions of
the fluororesin composition are shown in Table 1, and the
results of physical property measurements are shown in Table
5.

Working Example 6

A fluororesin composition was obtained in the same man-
ner as in

Working Example 1 with the exception of using MPS2
(average pore diameter: 7 nm) as a filler. A molded product
was created from the fluororesin composition using the same
method, and the physical properties thereof were measured.
The composition and mixing conditions of the fluororesin
composition are shown in Table 1, and the results of physical
property measurements are shown in Table 5.

Working Example 7

A fluororesin composition was obtained in the same man-
ner as in Working Example 1 with the exception of using
MPS3 (average pore diameter: 12 nm) as a filler. A molded
product was created from the fluororesin composition using
the same method, and the physical properties thereof were
measured. The composition and mixing conditions of the
fluororesin composition are shown in Table 1, and the results
of physical property measurements are shown in Table 5.

TABLE 1

Compositions and mixing conditions of the present invention

Composition

Silica ratio
Work- Base resin MPS Ratio Ratio
ing Grade MFR Grade pore of of
Exam- of g/10 of diameter PFA MPS  Mixing
ple PFA min  MPS (nm) wt. % wt. % conditions
1 PFAL 96  MPS1 4 90 10 Dry blend
2 PFAL 96  MPS1 4 95 5 Dry blend
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TABLE 1-continued

Compositions and mixing conditions of the present invention

Composition

Silica ratio
Work- Base resin MPS Ratio Ratio
ing Grade MFR Grade pore of of
Exam- of g/10 of diameter PFA MPS  Mixing
ple PFA min  MPS (nm) wt. % wt. % conditions
3 PFA1 96 MPS1 4 85 15 Dryblend
4 PFA1 96 MPS1 4 80 20 Dry blend
5 PFA2 36 MPS1 4 90 10 Dry blend
6 PFA1 96 MPS2 7 90 10 Dry blend
7 PFA1 96 MPS3 12 90 10 Dry blend
Working Example 8

20 g of MPS1 (average pore diameter: 4 nm) and 10 g of
glass fibers 1 (fiber length: 20 um) were blended into 170 g of
PFA1 powder and were dry-blended. The product was then
melted, kneaded, and molded in accordance with the method
described in Working Example 1, and the physical properties
of the composition and the resulting molded product were

10
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of the composition and the resulting molded product were
measured. The composition and mixing conditions of the
fluororesin composition are shown in Table 2, and the results
of physical property measurements are shown in Table 5.

Working Examples 11 to 13

As in Working Example 5, PFA1, MPS1, and glass fibers 1
were dry-blended at the compounding ratios shown in Table
2. In Working Examples 11 to 13, the amount of MPS1 was
set to 24 g in each case, and the total amount including the
remaining glass fibers 1 (fiber length: 20 um) and PFA1 was
set to 200 g. That is, in Working Example 11, PFA1 was
blended at a ratio of 162 g, and glass fibers 1 were blended at
aratio of 14 g. In addition, in Working Example 12, PFA1 and
glass fibers 1 were blended at ratios of 158 g and 18 g,
respectively, and in Working Example 13, PFA1 and glass
fibers 1 were blended at ratios of 150 g and 26 g, respectively.
The product was then melted, kneaded, and molded in accor-
dance with the method described in Working Example 1, and
the physical properties of the composition and the resulting
molded product were measured. The composition and mixing
conditions of the fluororesin composition are shown in Table
2, and the results of physical property measurements are
shown in Table 5.

TABLE 2

Compositions and mixing conditions of the present invention

Base resin Silica Composition ratio
MFR MPS pore Additional  Ratio Ratio Wt. % of
Working  Grade (g/10 Grade  diameter filler of PFA  of MPS  the additional Mixing
Example of PFA min) of MPS (nm) Type wt. %  wt. % filler conditions
8 PFAl 96  MPS1 4 Glass 85 10 5 Dry
fibers 1 blend
20 ym
9 PFAl 96  MPS1 4 Glass 83 10 7 Dry
fibers 1 blend
20 ym
10 PFAl 96  MPS1 4 Glass 81 10 9 Dry
fibers 1 blend
20 ym
11 PFAl 96  MPS1 4 Glass 81 12 7 Dry
fibers 1 blend
20 ym
12 PFAl 96  MPS1 4 Glass 79 12 9 Dry
fibers 1 blend
20 ym
13 PFAl 96  MPS1 4 Glass 75 12 13 Dry
fibers 1 blend
20 ym

measured. The composition and mixing conditions of the
fluororesin composition are shown in Table 2, and the results
of physical property measurements are shown in Table 5.

Working Examples 9 and 10

As in Working Example 5, PFA1, MPS1, and glass fibers 1
were dry-blended at the compounding ratios shown in Table
2. That is, in Working Examples 9 and 10, MPS1 was com-
pounded at a ratio of 20 g in both cases, and the ratios of glass
fibers 1 (fiber length: 20 pm) were respectively set to 14 gand
18 g, while the total amount including PFA1 was set to 200 g
(the amount of PFA1 was 166 g in Working Example 9 and
162 g in Working Example 10). The product was then melted,
kneaded, and molded in accordance with the method
described in Working Example 1, and the physical properties

55

60
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Working Example 14

With the exception of using glass fibers 2 (fiber length: 80
um) as a second filler, the ingredients were dry-blended,
melted and kneaded, and molded in the same manner as in
Working Example 8, and the physical properties of the com-
position and the resulting molded product were measured.
The composition and mixing conditions of the fluororesin
composition are shown in Table 3, and the results of physical
property measurements are shown in Table 5.

Working Example 15
With the exception of using glass flakes as a second filler,

the ingredients were dry-blended, melted and kneaded, and
molded in the same manner as in Working Example 8, and the
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physical properties of the composition and the resulting
molded product were measured. The composition and mixing
conditions of the fluororesin composition are shown in Table
3, and the results of physical property measurements are
shown in Table 5.

Working Example 16

With the exception of using carbon fibers (fiber length: 30
um) as a second filler, the ingredients were dry-blended,
melted and kneaded, and molded in the same manner as in
Working Example 8, and the physical properties of the com-
position and the resulting molded product were measured.
The composition and mixing conditions of the fluororesin
composition are shown in Table 3, and the results of physical
property measurements are shown in Table 5.

Working Example 17

With the exception of using aromatic polyamide fibers
(fiber length: 100 um) as a second filler, the ingredients were
dry-blended, melted and kneaded, and molded in the same
manner as in Working Example 8, and the physical properties
of the composition and the resulting molded product were
measured. The composition and mixing conditions of the
fluororesin composition are shown in Table 3, and the results
of physical property measurements are shown in Table 5.

TABLE 3

10

15

20

25
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g were coagulated, filtered, and dried in accordance with the
method described in Japanese Unexamined Patent Applica-
tion Publication No. 2007-119769A to obtain a fluororesin
composition. The physical properties of the resulting fluo-
roresin composition were measured in the same manner as in
Working Example 1. The compositions and mixing condi-
tions of the fluororesin compositions are shown in Table 4,
and the results of physical property measurements are shown
in Table 5.

Comparative Example 5

A fluororesin composition was obtained in the same man-
ner as in Comparative Example 4 with the exception of using
an aqueous dispersion after the polymerization of PFA3 as a
fluororesin, and the physical properties were measured in the
same manner as in Working Example 1. The compositions
and mixing conditions of the fluororesin compositions are
shown in Table 4, and the results of physical property mea-
surements are shown in Table 5.

Comparative Example 6
A colloidal solution of non-porous silica was placed in a

heat-resistant petri dish and dried for 10 hours in a hot air drier
set to 150° C. to obtain a dried powder of non-porous silica.

Compositions and mixing conditions of the present invention

Base resin Silica Composition ratio
MFR MPS pore Additional Ratio Ratio Wt. % of
Working  Grade (g/10 Grade  diameter filler of PFA  of MPS  the additional Mixing
Example of PFA min) of MPS (nm) Type wt. %  wt. % filler conditions
14 PFAl 96  MPSI 4 Glass 85 10 5 Dry
fibers 2 blend
80 pm
15 PFAl 96  MPSI 4 Glass 85 10 5 Dry
flakes blend
15 ym
16 PFAl 96  MPSI 4 Carbon 85 10 5 Dry
fibers blend
30 pm
17 PFAl 96  MPSI 4 Aramide 85 10 5 Dry
fibers blend
100 pm

Comparative Examples 1 to 3

After MFR measurements and melting/compression mold-
ing were performed in accordance with the method described
in Working Example 1 for PFA1, PFA2, and PFA3 without
adding a filler, the Shore hardness was measured. The com-
positions and mixing conditions of the fluororesin composi-
tions are shown in Table 4, and the results of physical property
measurements are shown in Table 5.

Comparative Example 4

A fluororesin composition was obtained by means of co-
coagulation after mixing a fluororesin aqueous dispersion
obtained at the time of the polymerization of PFA1 and a
colloidal solution of non-porous silica. That is, a fluororesin
aqueous dispersion obtained at the time of the polymerization
of PFA1 with a solid resin content of 90 g and a colloidal
solution of non-porous silica with a solid silica content of 10

50
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65

This dried powder of non-porous silica and PFA1 were
mixed, melted, and kneaded in the same manner as in Work-
ing Example 1, and the physical properties thereof were mea-
sured. The compositions and mixing conditions of the fluo-
roresin compositions are shown in Table 4, and the results of
physical property measurements are shown in Table 5.

Comparative Example 7

PFA3 was used as a melt flowable fluororesin, and MPS1
was used as a filler. That is, MPS1 was blended at a ratio of 18
g per 182 g of a powder of PFA3, and after the mixture was
melted and kneaded in accordance with the same procedure
as in Working Example 1, various physical properties of the
resulting fluororesin composition were measured. The com-
positions and mixing conditions of the fluororesin composi-
tions are shown in Table 4, and the results of physical property
measurements are shown in Table 5.
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Comparative Example 8

A fluororesin composition was obtained using the same
raw materials as in Comparative Example 7 described above

14
TABLE 5-continued

Evaluation results: MFR and external appearance of the
compositions and Shore hardness and coefficients of thermal expansion of

5 the molded products

while changing the ratios thereof. That is, MPS1 was blended

. Th 1
at aratio of 20 g per 180 g of a powder of PFA3, and after the E erma

Xpansion
mixture was melted and kneaded in accordance with the same Example (W = Shore Coefficient
. . . . ; - -5

procedure as in Working Example 1, various physical prop- working, C = MFR  hardness ___ (x1077) _ Appearance
erties of the resulting fluororesin composition were mea- 10 Comparative)  (g/10min)  (Hs) 100°C. 200° C. (color)
sured. The compositions and mixing conditions of the fluo- )

; * : C3 15 67 122 149 White
roresin compositions are shown in Table 4, and the results of Cc4 50.3 70 White
physical property measurements are shown in Table 5.

TABLE 4
Compositions and mixing conditions of comparative examples
Silica Composition ratio
Base resin MPS pore  Ratio Ratio
Comparative  Grade MFR Type of diameter of PFA ofssilica Mixing
Example of PFA  g/10min  silica (nm) wt.%  wt. % conditions

1 PFA1 96 — 100 —

2 PFA2 36 — 100 —

3 PFA3 17 — 100 —

4 PFA1 96 Non- — 90 10 Co-

porous coagulation
silica
5 PFA3 17 Non- — 90 10 Co-
porous coagulation
silica
6 PFA1 96 Non- — 90 10 Dry blend
porous
silica
7 PFA3 17 MPS1 4 91 9 Dry blend
8 PFA3 17 MPS1 4 90 10 Dry blend
40
TABLE 5 TABLE 5-continued
Evaluation results: MFR and external appearance of the Evaluation results: MFR and external appearance of the
compositions and Shore hardness and coefficients of thermal expansion of compositions and Shore hardness and coefficients of thermal expansion of
the molded products the molded products
45
Thermal Thermal
Expansion Expansion
Example (W = Shore Coefficient Example (W = Shore Coefficient
working, C = MFR hardness x107° Appearance working, C = MFR hardness x107° Appearance
Comparative) (g/10 min) (Hs) 100° C.  200° C. (color) 50 Comparative) (g/10 min) (Hs) 100° C. 200° C. (color)
W1 27.2 84 9.2 11.7 Dark brown Cs5 10.1 72 10.6 13 White
W2 59.8 75 Brown C6 55.7 71 White
W3 154 81 Dark brown c7 7.7 70 10.3 12.7 Light brown
W4 2.3 86 Dark brown C38 6.37 73 Light brown
W5 13.3 75 Brown 355
W6 17.3 76 Brown
g ; §;7 ;g 05 123 giggi The compositions obtained in Working Examples 1, 3, and
w9 35 77 32 105 Brown 4 yielded a dark brown color. The compositions obtained in
W 10 33 79 9.1 115 Brown Working Examples 2 and 5 to 17 all yielded a brown color. On
wil 2 g0 8.6 10.9 Brown 60 the other hand, the compositions obtained in Comparative
W12 24 80 Brown . .
W13 16 82 8.3 104 Brown Examples 4 to 6 all retained the same white color as the
W14 38.6 78 Brown original fluororesin or silica. In addition, the fluororesin com-
wis 369 73 Brown positions obtained in Comparative Examples 7 and 8 yielded
W16 28.7 78 Brown . .. .
W17 350 78 Brown alight brown color. This is considered to have been due to the
C1 90 67 White 65 fact that the pores of the MPS were not filled with PFA due to
c2 36 67 White the low MFR—that is, low fluidity—of the PFA that was

used.
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The present invention can provide an injection-moldable
fluororesin composition capable of providing a molded prod-
uct having excellent moldability and high hardness. In addi-
tion, the molded product of the present invention has high
hardness and a low coefficient of thermal expansion, so the
product may be widely used as a sliding material or a heat-
resistant gasket material. Therefore, the present invention can
be used industrially.

What is claimed is:

1. A fluororesin composition comprising from 80 to 95
weight percent of melt flowable fluororesin and from 5 to 20
weight percent mesoporous silica, said fluororesin composi-
tion having a melt flow rate of from 2 to 60 g/10 min, said melt
flowable fluororesin comprising tetrafluoroethylene-per-
fluoro(alkylvinylether) copolymer having a melt flow rate of
at least 30 g/min, wherein said perfluoroalkyl group of said
perfluoro(alkylvinylether) has from 1 to 5 carbons, said
mesoporous silica having an average pore diameter of from 2
to 50 nm, and wherein the pores of said mesoporous silica are
filled with said melt flowable fluororesin.

2. The fluororesin composition of claim 1, wherein the melt
flow rate of said melt flowable fluororesin is at least 50 g/10
min.

3. The fluororesin composition of claim 1, wherein the melt
flow rate of said melt flowable fluororesin is at least 80 g/10
min.

20
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4. The fluororesin composition of claim 1, wherein the
mesoporous silica has an average pore diameter of from 3 to
30 nm.

5. The fluororesin composition of claim 1, wherein the
mesoporous silica has an average pore diameter of from 4 to
15 nm.

6. The fluororesin composition of claim 1, wherein the
mesoporous silica is not surface-hydrophobized.

7. The fluororesin composition of claim 1 further compris-
ing a filler different from said mesoporous silica, wherein said
fluororesin composition comprises from 5 to 20 weight per-
cent of said mesoporous silica and from 1 to 20 weight per-
cent of said filler.

8. The fluororesin composition of claim 7 wherein said
filler different from said mesoporous silica is selected from
the group consisting of glass fiber, glass flake, carbon fiber
and aramid fiber.

9. A heat-resistant seal or gasket comprising the molded
product according to claim 8.

10. A molded product melt molded from a fluororesin
composition according to claim 1 having a Shore hardness
(Hs) of at least 75.

11. A sliding member comprising the molded product
according to claim 10.
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